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+ What is the 3D Elevation Program? 

 Accelerate the acquisition of high quality light detection and ranging (lidar) 

data in the conterminous U.S. (CONUS), Hawaii, and the U.S. Territories; and 

interferometric synthetic aperture radar (ifsar) data in Alaska 

 Completely refresh the National Elevation Dataset (NED) with new lidar and 

ifsar elevation data products and services 

 Leverage collaboration among federal, states, local and tribal partners to 

systematically complete national 3D elevation data coverage in eight years 

 Raise governance to the executive level and build on the structure already in 

place at the operational level under the National Digital Elevation Program 

(NDEP) 

 Increase the overall investment in 3D elevation to $146 million annually to return 

more than $690 million annually in new benefits 
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A call for action to… 

Natural Resource 

Conservation 

Infrastructure 

Management 

Flood Risk Mitigation Precision Farming Land Navigation  

and Safety 

Geologic Resources 

and Hazards Mitigation 



+ 
National Enhanced Elevation Assessment 

 Sponsored by the National Digital Elevation Program (NDEP) 

and funded by USGS, NGA,FEMA, NRCS and NOAA to: 

 Document national requirements for lidar and ifsar data 

 Estimate the benefits and costs of meeting these requirements 

 Evaluate multiple national program scenarios considering data quality, 

update frequency, geographic coverage and to optimize benefits    

 602 mission-critical activities that require enhanced elevation 

data were identified by: 

 34 Federal agencies and 50 states  

 A sampling of local governments, tribes, private and not‐for profit 

organizations  

 A national program has the potential to generate $1.2 billion 

to $13 billion in new benefits each year 

At a Glance 
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+ 
Benefits for Top Business Uses 

Annual Benefits 

Rank Conservative Potential 

1 Flood Risk Management $295M $502M 

2 Infrastructure and Construction Management $206M $942M 

3 Natural Resources Conservation $159M $335M 

4 Agriculture and Precision Farming $122M $2,011M 

5 Water Supply and Quality $85M $156M 

6 Wildfire Management, Planning and Response $76M $159M 

7 Geologic Resource Assessment and Hazard Mitigation $52M $1,067M 

8 Forest Resources Management $44M $62M 

9 River and Stream Resource Management $38M $87M 

10 Aviation Navigation and Safety $35M $56M  

: 

20 Land Navigation and Safety $0.2M $7,125M 

Total for all Business Uses (1 – 27) $1.2B $13B 
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+ 
National Program Recommendation   
Multiple Scenarios Considered 
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QL3 on a 25 year 

cycle (closest to 

existing program) 

Highest quality 

level (QL1) on an  

annual cycle 

Recommended program 

(QL2) on an 8 year cycle 

• Average annual costs: $146M 

• Average annual benefits: $690M 

• Average annual net benefits: $544M 

• Benefit Cost Ratio -  4.7:1 

• Total Benefits Satisfied: 58% 



+ 
3D Elevation Program (3DEP) 
Recommended Uniform Higher Quality  
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 QL2 lidar data for the 

conterminous United States, 

Hawaii, and the territories on an 

eight-year cycle (compared to 

QL3 commonly acquired to date) 

 QL5 ifsar data for Alaska 

 Lidar point cloud data and other 

products to be publically 

accessible 

 Goal to be operational in early 

2015 

 

 

 



+ 
3D Elevation Program  
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Quality Levels 

Quality 

Level 
Source 

Vertical 

Accuracy 

RMSEz 

Nominal 

Pulse 

Spacing 

(NPS) 

Nominal Pulse 

Density (NPD) 

DEM Post 

Spacing 

QL1 Lidar 10 cm 0.35 m 
8 points/sq. 

meter 
1 meter 

QL2 Lidar 10 cm 0.7 m 
2 points/sq. 

meter 
1 meter 

QL3 Lidar 20 cm 2.0 m 
0.7 points/sq. 

meter 
3 meters 

QL4 Imagery 139 cm 5 m 
0.04 points/sq. 

meter 
5 meters 

QL5 Ifsar 185 cm 5 m 
0.04 points/sq. 

meter 
5 meters 



+ 3DEP Products and Services 
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Initial Products 

Product 
Planned 

Coverage on 

Release Date 
Source(s) 

Planned 

Product 
Planned Availability and 

Product Release Dates 

1 meter DEM 
Partial Coverage U.S. 

and some Territories 
Lidar 

Tiles (TBD) by 

download 

The National Map in January 

2015 (new data) and TBD for 

pre-2014 data  

5 meter DEM Partial Alaska  Ifsar 
Tiles (TBD) by 

download 

Earth Explorer in October 2013, 

from The National Map in April 

2014 

1/9 arc-second 

DEM - legacy 
Partial Coverage U.S. 

and some Territories 
Lidar, Ifsar, 

Photogrammety 
15 min block by 

download 
The National Map now 

1/3 arc-second 

DEM 

CONUS, HI, some 

Territories, partial 

Alaska 

Lidar, Ifsar, 

Photogrammety 
1x1 degree block 

by download 
The National Map now 

1 arc-second 

DEM 
CONUS, HI, AK and 

U.S. Territories 
Lidar, Ifsar, 

Photogrammety 
1x1 degree block 

by download 
The National Map now 

2 arc-second 

DEM 
Alaska 

Lidar and Ifsar, 

Photogrammetry  
1x1 degree block 

by download 
The National Map now 

Elevation Point 

Query 
CONUS, HI, some 

Territories, AK 
1/3 arc-second, 1 

arc-second in AK 
Application 

service 
The National Map now 

Hillshade 
CONUS, HI, some 

Territories, AK 
1/3 arc-second, 1 

arc-second in AK 
Viewing service The National Map now 

5 to 120 foot 

Contours 
CONUS, HI, some 

Territories, AK 
1/3 arc-second, 1 

arc-second in AK 

1 degree block by 

download and 

viewing service 
The National Map now 



+ 
3DEP Products and Services 

9 

Source Data 
Planned 

Coverage on 

Release Date 
Source(s) 

Planned 

Product 
Planned Availability and 

Service Release Dates 

Lidar Full 

Point Cloud - 

Unclassified 

Partial Coverage 

– U.S. 

Lidar – 

QL1, QL2, 

QL3 

Project 

areas by 

special 

request 

EROS by special request now 

(pre-2014 data) NGTOC now 

(data acquired 2014 and later) 

Lidar Full 

Point Cloud - 

Classified 

Partial Coverage 

– U.S. 

Lidar - 

QL1, QL2, 

QL3 

Project 

tiles by 

download 

Earth Explorer now. The National 

Map in October 2014 

Ifsar Digital 

Surface Model 
Partial Coverage 

– Alaska 
Ifsar – QL5  

Project 

tiles by 

download 

Earth Explorer now, The National 

Map in January 2015 

Orthorectified 

Ifsar Intensity 

Image 

Partial Coverage 

– Alaska 
Ifsar – QL5 

Project 

tiles by 

download 

Earth Explorer now, The National 

Map in January 2015 

Source 

resolution 

DEM 

Partial Coverage 

U.S. and some 

Territories 
Lidar, Ifsar 

Project 

tiles by 

download 

The National Map now (new data) 

and TBD for pre-2014 data 

Source Data 



+ 
3DEP Budget Outlook  

 FY14 President’s Budget – USGS 3DEP increase of $9M plus $1M for Alaska ifsar;  

Omnibus resulted in $760K increase for Alaska and $1M in USGS Coastal Marine 

Geology for Coastal National Elevation Dataset 

 Endorsements – 3DEP was endorsed or received letters of budget support from: 
 American Association of State Geologists (AASG) 

 American Association of Photogrammetry and Remote Sensing (ASPRS) 

 Association of State Floodplain Managers 

 Coalition of Geospatial Organizations (COGO) 

 Management Association of Private Photogrammetric Surveyors (MAPPS) 

 National Geospatial Advisory Council (NGAC) 

 National Society of Professional Surveyors (NSPS) 

 National States Geographic Information Council (NSGIC) 

 FY15 President’s Budget – USGS 3DEP $5M, Alaska Mapping $236K, Ecosystems: 

Columbia River $350K and Puget Sound $450K 

 National Academy of Public Administration (NAPA) report - The November, 

2013 report entitled “FEMA Flood Mapping: Enhancing Coordination to 

Maximize Performance” included the following recommendation:   

“The Office of Management and Budget should use the 3DEP implementation plan for nationwide 

elevation data collection to guide the development of the President’s annual budget request.”    
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USGS Component 
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The National Enhanced Elevation 

Assessment determined that 

coastal zone lidar mapping 

investments have a: 
 

 

Two Outcomes of the National 

Enhanced Elevation Assessment: 

• High benefit to cost ratio 

• Short payback time 

• Initiation of the 3D Elevation Program 

• Redefinition of the CoNED Project as the 

coastal component of the 3DEP 

 



Northern Gulf of 

Mexico 

Chesapeake Bay 

Goal: To systematically construct the coastal component of the 3DEP as topobathymetric elevation 

models first built over key coastal regions with highly vulnerable infrastructure and natural resources.    

Resilience Issues: 

Earthquakes  

Tsunamis 

Sea Level Rise 

Habitat Quality 

Resilience 

Issues: 

Water Quality 

Habitat Quality 

Sea Level Rise 

Resilience 

Issues: 

Wetland Loss 

Storm Surge 

Sea Level Rise CoNED Model 

San Francisco Bay 

CoNED Model 

Regional (to national) coastal zone lidar collection and 

assimilation for scientific (and other) applications:  
The Coastal National Elevation Database Applications (CoNED) Project 

 

Hx Sandy Impact 

Northeast Region Alaskan North Slope 



• 7,119 line-km (~ 11 K km2) acquired between 2009 and 2012 

• Icy Cape to the US-Canadian Border  

• Mainland coast and barrier islands (limited delta and estuary ; FWS-ALCC) 

• Waterline to approximately 1.5 km inland; 2-4 overlapping passes 

•  ~ 1m point spacing, 30 cm vertical accuracy (0.14 RMSE) 

• Funding : USGS NGP, CMG Program, Alaska Science Center; USFWS-ALCC; BLM 

Alaskan North Slope CoNED Progress  



Louisiana CoNED Version 1.0  

Integrated Topobathymetric Model:    
 
Raster Size = 65 Gigabytes, 82,842 rows X 206,733 columns 
Elevation Range:  -2358 to 171 meters NAVD88                                                                           
Temporal Date Range: 1888 - 2013 
Incorporates over 150 separate topographic and bathymetric datasets 
 



Southern Louisiana Topobathymetric Elevation Model Data Sources  



Southern Louisiana Topobathymetric Elevation Model Data Sources  



Southern Louisiana Topobathymetric Elevation Model Data Sources  



Southern Louisiana Topobathymetric Elevation Model Data Sources  



Southern Louisiana Topobathymetric Elevation Model Data Sources  



Southern Louisiana Topobathymetric Elevation Model Data Sources  



Southern Louisiana Topobathymetric Elevation Model Data Sources  



Southern Louisiana Topobathymetric Elevation Model Data Sources  



Southern Louisiana Topobathymetric Elevation Model Data Sources  



Specifications of the LA CoNED Topobathymetric Elevation 

Model Version 1.0 

 Horizontal datum / projection – NAD83, UTM 

 Vertical datum – NAVD88 (Geoid12A) 

 Vertical Accuracy:  Recent Lidar - 9.25 cm RMSE (ie, 3DEP QL2) 

                                       Older Lidar – 15 cm RMSE (but variable) 

 Cell size – 3 meter 

 Nesting – Consistent resampling, cell alignment (pixel edge), and 
aggregated resolutions 

 Updating – Spatially Referenced Metadata  

 Gap-filling / interpolation – Terrains and empirical bayesian kriegging 

 File format – GeoTIFF 



GPS Points Displayed With Data Set Footprint 

Validation of the LA CoNED Version 1.0 



Average Error By Landcover Type 
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Southern Louisiana Topobathy Model  
 Average Error By Landcover Type 



Recent and Proposed South Louisiana Coastal 

3DEP (CoNED) Lidar Acquisition 

Plans to Construct LA CoNED Version 2.0 



LA CoNED Version 1 Incorporates Mississippi River Bathymetry: 

Inland Bathymetry will be Emphasized in LA CoNED Version 2 



Sandy Region 
CoNED Work In 
Progress 



Lidar Data Coverage for the Sandy CoNED Task 

Pre-Sandy Lidar 
Coverage 

Ongoing Post Sandy  
Lidar Collection 

Composite Lidar 
Coverage 



Hurricane Sandy – Impact Area                    
Post-Sandy Lidar Status 

TBDEM for NJ/DE 
Subregion to be 
complete by Sep 30, 
2014 



Specifications of the Sandy Region CoNED Topobathymetric 

Elevation Models Now Under Construction 

 Horizontal datum / projection – NAD83, UTM 

 Vertical datum – NAVD88 (Geoid12A) 

 Vertical Accuracy:  Post Sandy Lidar - 9.25 cm RMSE (ie, 3DEP QL2) 

                                       Pre Sandy Lidar – 15 cm RMSE (but variable) 

 Cell size – 1 meter 

 Nesting – Consistent resampling, cell alignment (pixel edge), and 
aggregated resolutions 

 Multi-temporal database – Outer Banks Focal Area only 

 Hydro-enforcement – River Focal Areas only 

 Updating – Spatially Referenced Metadata  

 Gap-filling / interpolation – Terrains and empirical bayesian kriegging 

 File format – GeoTIFF 



Delaware River EAARL-B Survey 

● Over 250 miles surveyed 

● 15 ground survey locations 

● Successful EAARL-B bottom 

detection for > 90% of river 

● Detected depths range from 

.3 to 10m 

● Extensive use of both narrow 

FOV and and Wide deep 

water channels 

● 23cm Std. Dev. of gnd vs 

airborne survey of bottom 

elevation 

 

Need GE image of survey area. 

Narrowsburg  

Study Site  

USGS 



Water Surface 

EAARL-B Bottom elevation at gnd transect 

Narrowsburg, Pa. Site 5 of 15 

USGS 



Water Surface 

One Meter 

EAARL-B 

RTK GPS 

Wading 

● Tannic water (Note brown coloration) 

● Dark low reflectivity bottom material,  

mostly gravel and cobble 

● Turbidity, very low. NTU near 0.0 

● Less than 10 cm surface waves 

USGS 



USGS 

EAARL-B & Ground truth Site 5 of 15 



Comparison of EAARL-B with Ground Truth 

Difference by Substrate Type 

~23.6 cm overall Std. Dev. 

USGS 



EAARL-B Bathymetry for Barnegat Bay                             

Next Slide 



USGS EAARL-B 

Simultaneous Narrow & wide FOV on each Laser pulse 

Pre Hurricane Sandy, Barnegat bay, 

 Mantoloking NJ:  

 

The EAARL-B captures both small and 

wide fields-of-view for every pulse. 

 

~5 NTU turbidity during survey. 

 

Scattering by suspended sediment and 

surface wave action severely limits the 

depth capability of systems with only 

small foot prints. 

 

The small footprint is adversely affected 

by small changes in turbidity. 

 

Systems with only large foot prints have 

difficulty in shallow water ( < 2m ). 

 

The EAARL-B combines scattered 

energy from all three beamlets into one 

large foot print while simultaneously 

retaining waveforms from the original 

three beamlets.  

 

 

Small 

Footprint 

only 

Large + 

Small 

Footprint 

USGS EAARL-B USGS 



Test of EAARL-B 

Delmarva Open Coast 

Topobathymetric 

Mapping Capabilities, 

Nov 26, 2013                          

 



Test of EAARL-B 

Delmarva Open Coast 

Topobathymetric 

Mapping Capabilities, 

Nov 26, 2013                          
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: Phase 0 (FY13-FY15) : Phase 1 (FY16-FY18) : Phase 2 (FY19-FY21) 

San Francisco 

Bay Region 

Pacific  

Northwest 

: Phase 3 (FY22-FY24) 

SoCal 

NGOM 

EGOM 

West FL 

East FL 

AK-NS 

1 
4 

2 

3 

5 

0 

0 
0 

0 

Proposed Sequencing of Lidar Collection Focus and Coastal 3DEP Construction 

Over the Next  Decade: 



ADD JCR CALL HERE 

Please contact one of 

the Guest Editors if 

you plan to submit a 

paper to this JCR 

Special Issue                        

 



Questions or Comments?  


